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另外，该学位论文为（  大黄鱼蛋白质组学    ）课题（组）的
研究成果，获得（   国家海洋局海洋三所鱼类免疫学   ）课题（组）



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）：余素红 






















蛋白，结合PMF 和 MALDI-TOF-TOF 质谱技术共鉴定了 38 个差异点，其中 28 个差异点表
达上调，10 个表达下调，且表达变化多集中于诱导后12h-24h 之间。为了了解各差异点
间的相互关系以及它们在抗病机制中的作用，通过应用 Cytoscape 软件构建了差异蛋白
互作网络图，发现其中有许多差异点如 PPRAγ、Annexin IV、ROCK1 等同时参与了免疫
调节与凋亡调节，尤其是 Annexin IV 表现出多功能的特性。为了研究大黄鱼 Annexin IV
的功能，采用重组 Annexin IV 注射大黄鱼，结果发现 Annexin IV 的活体过表达能明显
提高 Caspase 3 的酶活力，并促进脾脏细胞的凋亡。同时，它能抑制趋化因子 CXC、CC
的表达和上调抑炎因子 IL-10 的表达，表明了大黄鱼 Annexin IV 具有促进细胞凋亡和
调节炎性反应的功能。在PolyI:C 诱导后 12h，Annnxin IV 的上调可能在一定程度上促
进了脾脏细胞凋亡并抑制了炎性反应，而诱导后 48h，凋亡抑制因子 PRDX I、AIP 的表
达上调则有利于凋亡的抑制，从而调节 PolyI:C 诱导的免疫反应及维持免疫平衡。
通过比较对照组和三联疫苗注射组的双向电泳图谱，找到了 24 个差异点，其中 21
个表达上调，3个表达下调。质谱分析鉴定发现其中有许多与免疫应答及炎症调节相关，
尤其抗氧化蛋白酶家族成员如 PRDX I、PRDX II、PRDX IV 在三联疫苗诱导前后表达量
都发生了改变，提示该家族可能在三联疫苗诱导免疫反应中发挥重要的作用。研究表明 ，
人 PRDX IV 能通过调节 IκB 的磷酸化来激活核因子 NF-κB，但对其功能尚不清楚。为此 ，
本文对大黄鱼 PRDX IV 的分子特征及功能进行了研究：体外实验表明重组的大黄鱼 PRDX
IV 具有明显的抗氧化活性；免疫电镜分析发现 PRDX IV 主要分布于脾脏细胞内质网和过
氧化物酶体中，并且三联疫苗的免疫刺激促进了 PRDX IV 在内质网上的合成；针对 PRDX
IV 的 siRNA 干扰可上调脾组织 TNF-α2、CC 趋化因子的表达水平，下调抑炎因子 IL-10
的表达，同时核因子 NF-κB(p65)的表达水平也明显上升；PRDX IV 的过表达则抑制了















明显的抑制，说明了大黄鱼 PRDX IV 具有抑制炎性反应的功能。以三种混合活菌感染大
黄鱼，发现干扰组脾脏组织 TNF-α2、CC 及 NF-κB(p65)的表达上调更加显著，抑炎因子
IL-10 的表达明显低于对照组，同时干扰组大黄鱼的死亡率(94%)明显高于过表达组
(42%)和对照组(72%、78%)，这些结果表明了大黄鱼 PRDX IV 可能通过抑制 NF-κB 表达
发挥其抗炎作用，从而保护大黄鱼抵抗细菌的感染。本文研究结果揭示了一条鱼类抗细
菌感染的新途径。


















Large yellow croaker (Pseudosciana crocea) is an economica lly important marine fish
species in China. In recent years, with the rapid development of large yellow croaker culture
industry, virus and bacteria-caused infectious diseases become more and more severe, while
the knowledge about the genetic and immunological basis of large yellow croaker is limited.
The lack of knowledge hinders the establishment of effective measures in diseases control and
genetic improvement.
In this study, proteomics approaches were utilized to identify the differentia lly expressed
proteins in the spleen tissue of large yellow croaker in response to poly I: C induction at four
different time points (0, 12, 24 and 48h after induction). All together, 38 protein spots
differentia lly expressed were identified and further analyzed by PMF or MALDI-TOF-TOF,
in which 28 were up-regulated and 10 showed down-regulated. And most changes took place
around 12 and 24h post induction. To understand the inter-relationship of these differentia lly
expressed proteins and invest igate their role s in disease-resistance mechanism, protein
interact ion network was build up by Cytoscape software. In this network, PPRAγ, Annexin IV
and ROCK1 were identified to participate in both immune response and apoptosis control .
Annexin IV, for its diverse biologica l funct ions and huge amount of binding partners,
especia lly drew our attention and was chosen for further invest igation. The over-expressed
Annexin IV was found to cause the increase of the activity of caspase-3 and apoptosis in
spleen tissue, also, it up regulated the expression of pro-inflammatory inhibitor IL-10, and
down regulated expression of chemok ines CXC and CC. These results indica ted that up-
regulation of Annexin IV at 12h after induction with PolyI:C could cause the spleen cell
apoptosis and regulate the inflammatory response. On the other hand, some anti-apoptosis
proteins such as PRDX I and AIP were up-regulated at 48h post-induction. These differentia l
expressed proteins ensured a dynamic balance between cell proliferation and apoptosis so as
to mainta in the stable inner environment and control the immune response in large yellow
croaker.
In the differentia l proteomics analysis of large yellow croaker spleen tissue in response
to trivalent bacterium vaccine induction, 24 differentia l expressed proteins spots were
identified and further analyzed by PMF or MALDI-TOF-TOF. Three altered proteins , PRDX
I, PRDX II, PRDX IV, were found belong to PRDXs superfamily . This indica ted PRDXs may
play an important role in immune response to the trivalent bacterium vaccine-induction in
large yellow croaker. A differentia l expressed protein (Spot 7) homologous to a mammalian















in the cytosol by modulating IκBα phosphorylation in mankind. The recombinant large
yellow croaker PRDX IV exhibited activities of oxidation resistance. Intracellular loca lization
of PRDX IV in the spleen cells by immune colloida l gold electron microscopic analysis
showed that most of the gold particles exist in the peroxisome, cytoplasm and rough
endoplasmic reticulum, and more gold particles in rough endoplasmic reticulum were found
in the spleen of trivalent bacterium vaccine-induced fish than that of normal fish. Furthermore ,
the suppression of PRDX IV by siRNA caused the up-regulated expression of TNF-α2, CC,
and NF-κB(p65) and down-regulated expression of IL-10. But the over-expression of PRDX
IV caused the down-regulated expression of TNF-α2, CC, and NF-κB(p65) and up-regulated
expression of IL-10. To further corroborate the anti-inflammation activity of PRDX IV,
twelve hours after the siRNA or protein inject ion, fish were infected by mixed pathogenic
bacterium The result shows that after the PRDX IV expression was suppressed, the fish
mortality was significantly higher than that of control group, while the enhanced PRDX IV
could protect large yellow croaker from the bacterium induced death. All these results
indica te that PRDX IV can inhibit the inflammation and protect large yellow croaker from
bacteria l infection by inhibiting the expression of NF-κB. Our research revea ls a new way of
anti-bacterium infection in fish.
Two other genes, NCCRP-1 and β2-microglobulin were also cloned, their tissue
distribution and expression patterns upon stimula tion with polyI:C and inact ivated trivalent
bacteria l vaccine were analyzed. These results will help us to further stand immune response
and disease-resistance mechanism in large yellow croaker.
























致病病毒隶属 13科[1, 2]其中 DNA病毒有 3个科:腺病毒科,虹彩病毒科和疱疹病毒科；RNA
病毒有10个科:双节段双股 RNA病毒科, 弹状病毒科,呼肠孤病毒科, 野田村病毒科,副
粘病毒科,披盖病毒科,反转录病毒科,微核糖核酸病毒科, 正粘病毒科,冠状病毒科。







的第一道防线，病毒的双链RNA(dsRNA)能诱导 IFN的产生，人工合成的 dsRNA即 polyI:C
是 IFN 的强大的诱导剂。大多数病毒在繁殖的某一阶段产生 dsRNA, dsRNA 出现后机体
就识别这些分子并依靠先天性防御系统作出反应(产生 IFN)。早在 20 世纪 60 年代就有











































Table 1 some commercial fish vaccine which made of bacteria
生产地 疫苗用病原菌
亚 洲
鳗弧菌 Vibrio (Listonella) anguillarum
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